Smallscale PHES Demo @’

Solving System Integration and Operation Challenges
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The Project Team
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The Concept: Pumped Heat Energy Storage (PHES)

PHES Value Proposition
A 10+ hours of storage

Charge Mode Discharge Mode A Separation of engine and storage
Use excess energy to rin@at pump Use thermal reservoirs to rumeat engine A Potential for high round trip efficiency (RTE)
& store energy in hot and cold reservoirs & generate power
Technology Gaps
- A System costs
Cn i A Some component development
W A First implementation challenges

=) A Control and operational unknowns
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Developmental Challenges

A With wellestablished technologies, most
performancebased demonstrations are
required at scale

A Fullscale systems are aiming for 100 MW, 10+
hr, make atscale demonstrations expensive
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Project Objectives & Faclility Expectations

Smallscale Demo

5 kW, 1hr. | 0.25 acre | $2.5M
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What value is there with a smalcale demo?
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Demonstrate operation of a air Brayton PHES at laboratory scale
to verify system control strategies. Address first implementation
challenges and reduce the number of unknown unknowns. Fulkscale System
100 MW, 104hr | 10 acres | $$$
A Operation of the full system will bigrst-of-a-kind
A Operation and controlgo translate

I Transient sequencing

I Thermal stresses

I System dynamics

i Control of balance of plant
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Fullscale Pumped Heat Energy Storage

Charge Mode Discharge Mode

Molten Salt
p Heat ﬁxchanger
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Antifreeze
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Antifreeze atc n ¢ /

Antifreeze
Heat Exchanger .
RTE ~60%
includes separate drivetrains for each mode with shared heat exchangers
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Labscale Pumped Heat Energy Storage @'

Incorporated many design decisions to reduce technical risks and project costs including scale and storage media

Charge Mode Discharge Mode
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Water-Glycol atm n ¢ /

RTE ~10%
includes separate drivetrains for each mode with shared heat exchangers
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Reduction in RTE for Smatlale Demonstration

Max RTE
49%

24%

10%

Case

Fullscale system with current technologies

Smaliscale turbomachinery efficiency

A 75% isentropic compressor efficiency

A 85% isentropic turbine efficiency

Storage systems

A Thermal oil instead of molten salt for hot

-1.5

storage media
A 400°C max storage temperature
A Water-Glycol instead of advanced
refrigerant for cold storage media
A -35°C min storage temperature
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At lower Hot Storage Temperatures, lower
PR results in higher RTE
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Highly coupled and iterative design process

ETI

Cycle Optimization
Are all design/hardware constraints captured?
Does the model reflect updated controls?

Component Specification

Turbomachinery, HX, Storage systems
Can a design result from this cycle?

Controls

What are the best control methods for the system?
Do these adequately represent the fstlale system?
Is our valve configuration and selection sufficient for the model?

Plant Layout

Pipe losses, thermal stresses
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